Calcifying fibrous pseudotumors (CFPs) are rare benign lesions mostly occurring in the limbs, necks and gastrointestinal tracts of young adults. In the present study, we report the first known case of a pelvic CFP in China in a 67-year-old male patient. The solitary tumor had an extremely regular shape and was in the vicinity of the sigmoid colon. Surgical resection was performed and the tumor was histologically diagnosed as CFP. We reviewed 64 cases of CFPs and discussed the clinical features of this disease in China and other countries. We found that the CFPs were most common in patients aged 18-60 and often had no obvious symptoms. They were immunoreactive for vimentin and factor XIIIa, while negative for CD117 and S100. In China, CFPs were mostly identified in the stomach, possibly associated with Chinese eating. The pathogenesis of this disease remains unclear. More research is needed to confirm the present results.
Introduction
Calcifying fibrous pseudotumor (CFP) are rare benign lesions first reported by Rosenthal and Abdul-Karim in 1988 (1) . Pelvic CFP was first reported by Saglam et al in 2005 (2) . Recently, we found an interesting CFP in the pelvic cavity. It was the first case of pelvic CFP in China. Because of the low morbidity and non-significant clinical symptoms, preoperative diagnosis of CFP is difficult. Here we provide the clinical and pathological features of this tumor, and we review CFP cases reported over the past ten years. We also compared the characteristics of this disease between China and other countries, hoping to provide new concepts for clinical diagnosis and treatment.
Case report
A 67-year-old man presented with mild abdominal discomfort on 1 month duration. The patient had no history of trauma or surgery. Physical examination suggested a 1.5x2.0 cm lump in the left lower abdomen, characterized as hard, painless, and movable. An enhanced abdominal CT revealed a 3.76x3.44 cm mass near the sigmoid colon, with a smooth edge and a hyper-dense center ( Fig. 1 ). No obvious enhancement appeared after contrast injection. Exploratory laparotomy and lumpectomy was performed under general anesthesia. Intraoperative exploration revealed a solitary, well-circumscribed, tough mass near the sigmoid colon. Lymph nodes in the mesentery were normal. The shape of the tumor was unusual ( Fig. 2A and B ). There was an extremely smooth and regular surface. The cross-section of the tumor was uniformly greyish white. A large calcification lesion with a diameter of 1 cm was located in the central part of the tumor, surrounded by abundant fibrous tissues. Histological examination revealed that the tumor was mainly composed by hyaline degeneration tissues and multifocal calcification. Few cells were detected except for some infiltrating lymphocytes and foamy cells ( Fig. 2C and D). Immunohistochemistry showed vimentin(+), smooth muscle actin(+), CD34(+), CD117(-), and S-100 protein(-). The mass was surgically removed without complication. At 1-year follow-up, the patient showed no recurrence and was physically intact.
This study was approved by the Institutional Review Board of Ethics Committee of Changhai Hospital (Shanghai, China). We retrospectively analyzed 64 patients with CFPs over the past 10 years. One patient was admitted to our hospital at October 3, 2018. The patient gave written informed consent to appear in study. The other 63 patients were obtained by searching PubMed. Fifteen were reported by Chinese authors and 48 were from other countries. The search terms 'calcifying fibrous pseudotumor' and 'calcifying fibrous tumor' were used in our literature search. Definite diagnoses of CFP in these patients were obtained. All eligible studies with full-text articles were included. Data were managed with microsoft excel.
A total of 64 patients were retrospectively analyzed. There were more male than female patients in China, but no significant differences overall. The mean age of the patients was 39.2 (range 8-77 years). Over 80% of patients were from 18 to 60 years old. The disease has no characteristic symptoms; 48.4% patients discovered the tumors incidentally without obvious symptoms; 31.3% of patients presented with abdominal discomfort, and 20.3% of patients suffered from other symptoms (Table I) . Abdominal discomfort was most common in Chinese patients, accounting for 43.6%. The majority of patients had single lumps, and the mean diameter was 3.7+2.3, with regular or irregular shape (Table II) . The tumors were most seen in stomach (19 patients, 29.7%), intestine (13 patients, 20.3%) and thorax (12 patients, 18.7%). Among the 16 patients from China, 7 (41.2%) presented with stomach CFPs. Immunohistochemically, only some articles reported immunohistochemistry results and the measured parameters also varied. CFP cells were diffusely positive for vimentin and factor XIII (30 patients for vimentin and 15 for factor XIII. Tumors in 20 of 42 (47.6%) patients stained focally with CD34. Tumors in 11 of 27 (40.7%) cases were partially positive for smooth muscle actin (SMA). Tumors in 6 of 29 (20.7%) patients were variably positive for desmin. Almost all tumors were negative for CD117 and S-100 protein. In terms of treatment, all patients included were treated with surgical removal. During follow-up, only one patient showed recurrence of the tumor.
Discussion
CFP is a rare benign tumor identified by the World Health Organization in 2002 (1) . The tumor is common in children and adolescents (3), and is mostly found in skin, neck, pleura (4), abdominal cavity, as well as in internal organs such as the gastrointestinal tract (5), adrenal gland (6) , and lung (7) . Patients typically have no obvious symptoms. The tumors are often detected incidentally during imaging examinations or surgery.
The pathogenesis of CFP is not clear. Tumors in patients with a history of trauma and surgery are considered as a result of excessive postoperative inflammation responses (8) .
Larson et al suggested that CFP could be an unrecognized lesion of IgG4-related disease (9); however, Shimizu et al reported a patient with no plasma cells containing IgG4 in the tumor (10). Mehrad et al found copy number losses on chromosome 8 and deleterious mutations in ZN717, FRG1, and CDC27 genes, all of which are a novel findings for studies of CFTP tumorigenesis (11) .
We analyzed 64 cases and found that the disease may be more common in young and middle aged (18-60-year-old) males. Symptoms are atypical and most likely induced by the tumor compressing surrounding tissues. CFPs in the abdominal cavity and gastrointestinal tract might lead to indigestion, bloating and abdominal pain, while those in thorax could induce pleural effusion. Abdominal discomfort was more common in China (43.6%) than other countries (27.1%), while 41.2% patients in China presented with stomach masses and in other countries, the proportion was 25%. It has been suggested that abdominal discomfort is possibly related to stomach lesions. Dietary differences between China and other countries might explain the differences, and more studies are needed to confirm this. Among the included cases, the mean diameter of the tumor was 3.7 cm. The shapes of the tumors were considered to be related to their position. We found that the CFPs from the gastrointestinal tract and abdominal cavity were solitary, regular, with typical appearance on CT. Most of the tumors in the thoracic cavity and arms were small, scattered, and irregular.
Imaging is important for primary diagnosis of CFP. In most cases, CT reveals that CFPs appear regular isodense masses with hyper-dense cores of calcification. Diffuse hyper-dense signals could also be detected in tumors with scattered calcification lesions (12) . On MRI, the lesion had a hypointense signal on T1 and T2 weighted imaging, but an isodensity signal on gadolinium-enhanced T1 weighted imaging (13) . In addition, tumors from gastrointestinal wall could be detected directly using barium gastroenterography and gastrointestinal endoscopy.
On gross inspection, CFPs are characterized as homogenous and hypovascular masses. These masses were composed of dense and hyalinized stroma, with scattered strips of calcification. Under microscopic observation, hypocellular sclerosis and coarse collagen were mostly seen. There were also scattered inflammatory infiltrates, plasma cells, lymphocytes and mast cells. Spindle cells were dispersed among thick collagen bundles (14) . Immunohistochemically, CFP cells were diffusely positive for vimentin and factor XIIIa, while focally positive for SMA, CD34 and desmin. Antibodies against CD117 and S100 were negative. Compared with other countries, tumors of China patients showed higher staining positivity for SMA and CD34. However, only two patients were tested for factor XIIIa. Our statistics suggest that vimentin and factor XIIIa are valuable immunohistochemical mark of CFP. Improving rates of examination for vimentin and factor XIIIa might be valuable for the diagnosis of CFP. The differential diagnosis of CFP is difficult. We listed the widely used immunostains for CFP and other potential differential diagnoses (Table III) . For patients presenting with abdominal discomfort, gastrointestinal stromal tumors (GISTs) and inflammatory myofibroblastic tumors (IMTs) should be considered first. GIST originating from the interstitial cells of Cajal are the most common single type of sarcoma in China. They are mostly seen in stomach (50-60%) and small intestine (30-35%). More than 80% of the patients were over 50 years old. The clinical symptoms were mild (15) . Their characteristics include lack of hyalinized collagen, calcification lesions and staining positive for CD117, CD34 and anoctamin 1 were the main differences from CFP. IMT was possibly related to genetic predisposition and infection (16) . The tumors were abundant in fibrous tissue, consisting of variable quantities of plasma cells, lymphocytes, eosinophils, foamy histiocytes, and mast cells. IMT could distinguished from CFP by expression of anaplastic lymphoma kinase and rearrangement of chromosome 2p23 (6) . Moreover, CFP from pleura had to be differentiated from other pleural lesions such as solitary fibrous tumors (SFTs). SFTs were often positive for CD34 and had no dystrophic calcifications (17) . Leiomyoma and calcifying aponeurotic fibroma should also be considered in the differential diagnoses of tumors in the musculoskeletal system. Leiomyoma has calcifications and ossifications, and its cells are positive for desmin, SMA, caldesmon, and factor XIIIa. Calcifying aponeurotic fibromas are less circumscribed and usually occur in the hands and feet. Metaplastic cartilage and multinuclear giant cells are typically (18) .
In conclusion, CFPs are rare benign tumors that are difficult to diagnose preoperatively. We found that tumors were more common in patients aged from 18 to 60 years. They were immunoreactive for vimentin and factor XIIIa. In China, the most common location of CFP was the stomach. Perhaps this is related to the eating habits of the Chinese. Nevertheless, the number of reported cases is low. Clinical features and pathogenesis of this disease need to be characterized in further studies.
